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1
BUMPER BEAM STRUCTURE FOR VEHICLE

FIELD OF THE INVENTION

The present invention relates to an improvement 1n a
bumper beam structure for a vehicle.

BACKGROUND OF THE INVENTION

A bumper beam 1n which strength 1n the lengthwise direc-
tion 1s made uniform 1s known as a bumper beam structure for
a vehicle, as disclosed 1n Japanese Patent Application Laid-
Open Publication No. 2001-26245 (JP 2001-026245 A).

The bumper beam disclosed in JP 2001-26245 A will be
discussed below with reference to FIGS. 12 and 13 hereof.

A reinforcement structure 100 as a bumper beam mounted
on a vehicle bumper comprises a back wall 101 provided
perpendicular to a loading direction X1; an upper rib 102 and
a lower rib 103 that extend from an upper end and a lower end,
respectively, of the back wall 101 1n an opposite direction
from the loading direction X1; a middle rib 104 that extends
from the center of the upper and lower ends of the back wall
101 1n an opposite direction from the loading direction X1; an
upper portion 106 of the front wall that extends downward
from the distal end of the upper rib 102; a lower portion 107
of the front wall that extends upward from the distal end of the
lower rib 103; and a triangular bead 108 formed by connect-
ing the upper portion 106 of the front wall and the middle rib
104 to each other, and connecting the lower portion 107 of the
front wall and the middle rib 104 to each other, as seen 1n FIG.
12. The upper portion 106 of the front wall and the lower
portion 107 of the front wall constitute the front wall 109.

FIG. 13 shows the bumper apparatus for housing the
bumper beam shown 1n FIG. 12.

The bumper apparatus 110 of a vehicle comprises a rein-
forcement structure 100 mounted on a vehicle body 111, a
cushionming material 112 disposed 1n front of the reinforce-
ment structure 100, and an outer casing 113 that covers the
reinforcement structure 100 and the cushioning material 112,

as seen 1n FI1G. 13.

The remnforcement structure 100 described above 1s uni-
tformly strong 1n the lengthwise direction (the front-to-back
direction of the drawing surface). Therefore, when the
bumper apparatus 110 provided to, e.g., the front end of a
subject vehicle has collided with a bumper apparatus of
another vehicle, a wall, or other object having a relatively
large surface area, a large collision reaction force 1s generated
by receiving the collision load over the entire bumper appa-
ratus 110 of the subject vehicle, and the collision energy 1s
absorbed. However, when the bumper apparatus 110 of the
subject vehicle collides with, e.g., the center pillar of a side
surface of another vehicle, the collision load 1s concentrated
on the center pillar, and the center pillar greatly deforms
because the collision surface area between the bumper appa-
ratus 110 and the center pillar 1s small.

A preferred bumper beam structure 1s one that reduces the
collision reaction force generated by the bumper beam and
suppresses deformation of the collision part even when the
surface area of the collision part 1s small, and generates a
sufficient collision reaction force when the surface area of the
collision part 1s large.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a bumper
beam structure for a vehicle that can generate considerable
collision reaction force when the surface area of the collision
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2

part 1s large, and suppress the collision reaction force when
the surface area of the collision part 1s small.

According to one aspect of the present invention, there 1s
provided a bumper beam structure for a vehicle, which com-
prises: a bumper beam having a U or rectangular shape in
cross section and extending transversely of the vehicle; and a
plurality of weak parts provided on the front wall of the
bumper beam so as to extend 1n a vertical direction, wherein
the plurality of weak parts 1s provided at a predetermined
pitch along a length of the bumper beam.

A difference in rigidity 1s generated by the weak parts set at
a predetermined pitch along the lengthwise direction of the
bumper beam. When a distributed load 1s applied from a
forward direction over a wide range of the bumper beam
during a collision of the vehicle, a considerable collision
reaction force 1s generated by the bumper beam recerving the
distributed load over a wide surface area. As a result, consid-
erable collision energy 1s absorbed.

When a concentrated load 1s applied from a forward direc-
tion over a narrow range of the bumper beam during a colli-
s10n of the vehicle, the bumper beam 1s made to deform by the
concentrated load at a weak part near the collision location
acting as a starting point, and the collision reaction force 1s
reduced. As a result, deformation ot the collision location of
the counterpart vehicle 1s suppressed.

A difference in rigidity 1s generated in the lengthwise
direction of the bumper beam by the plurality of weak parts,
and the collision reaction force generated 1n accordance with
the surface area of the contact with the collision object can be
made to be different. For example, in a side collision, the
collision reaction force 1s suppressed when the bumper beam
ol the subject vehicle deforms about a weak part, as a starting
point, when a collision occurs with a pillar having a small
surface and belonging to a counterpart vehicle. Thereby,
deformation of the pillar 1s suppressed and the counterpart
vehicle can be protected.

Considerable collision reaction force 1s generated 1n a
head-on collision, considerable collision energy 1s absorbed,
and the subject vehicle can be protected by recerving a colli-
s10n load over a wide surface area of the bumper beam of the
subject vehicle 1n a collision with, e.g., a bumper beam.

It 1s preferable that the bumper beam be configured by
superimposing two or more plates, and the plurality of weak
parts be configured by forming a plurality of slits in at least
one of the plates. Plate thickness of the bumper beam 1is
different between a portion 1 which slits are formed 1n a
single plate and a portion 1n which slits are not formed 1n the
plate, and the portions 1n which plate thickness 1s reduced by
formation of the slits are the weak parts.

When a collision load 1s applied to the bumper beam during
a collision of the vehicle, two portions, 1.€., the portions other
than the weak parts of the bumper beam and the portions in
which the slits of the weak parts are not formed, recerve the
above-described collision load. The strength and ngidity of
the weak parts can be modified, and the collision reaction
force generated by the bumper beam can be controlled by
moditying the thickness of the plate 1n which slits are not
formed.

A difference in plate thickness 1s formed between a portion
in which two or more steel plates are superimposed and a
portion 1n which slits are formed, and a load generated by the
collision surface area with a collision object can be made to be
different. Moreover, the slits can readily be formed by press
molding.
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It 1s preferable that each of the plurality of slits comprises
a long, thin rectangular aperture and a triangular aperture
formed at the upper and lower ends of the rectangular aper-
tures.

It 1s preferable that the two or more plates each have a
different plate thickness.

It 1s preferable that the bumper beam comprises a single
plate, and the weak parts be configured by forming a plurality
of slits 1n the single plate.

An area between weak parts 1n the plurality of weak parts
provided at a predetermined pitch comprises a non-weak part.

BRIEF DESCRIPTION OF THE DRAWINGS

Certain preferred embodiments of the present invention
will be described in detail below, by way of example only,
with reference to the accompanying drawings, in which:

FIG. 1 1s a plan view showing a bumper beam of an
embodiment according to the present invention;

FIG. 2 1s a perspective view 1 which a part of the bumper
beam shown in FIG. 1 has been enlarged;

FIG. 3 1s a view showing a method of manufacturing the
bumper beam shown in FIG. 2;

FI1G. 4 1s a view showing a state 1n which a vehicle provided
with a bumper beam of the prior art 1s engaged 1n a side
collision with another vehicle;

FI1G. 5 1s a view showing a state 1n which a vehicle provided
with the bumper beam of the present embodiment 1s engaged
in a side collision with another vehicle:

FIG. 6 1s a view showing a state 1n which a vehicle provided
with the bumper beam of the present embodiment 1s engaged
in an offset collision with another vehicle;

FI1G. 7 1s a view showing a state 1n which a vehicle provided
with the bumper beam of the present embodiment 1s engaged
in a head-on collision with the wall of a building structure or
the like:

FIG. 8A shows the state of a bumper beam having collided
with a small collision object, and FIG. 8B i1s a graph showing,
the relationship between displacement of the bumper beam
and the load generated 1n the bumper beam 1n the collision
shown 1n FIG. 8A;

FIG. 9A shows the state of a bumper beam having collided
with a large collision test object, and FIG. 9B 1s a graph
showing the relationship between the displacement of the
bumper beam and the load generated in the bumper beam 1n
the collision shown 1n FIG. 9A;

FIG. 10 1s a view showing a state 1n which the plate thick-
ness between weak parts and non-weak parts of the bumper
beam has been modified;

FIG. 11 1s a view showing a bumper beam of another
embodiment manufactured from a single steel plate;

FI1G. 12 1s a cross-sectional view of a conventional bumper
beam; and

FI1G. 13 1s a cross-sectional view of a bumper provided with
the bumper beam shown 1n FIG. 12.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The bumper beam 10 1s mounted on a pair of front-side
frames 11, 12 provided to the left and right of a vehicle,
respectively, as seen 1 FIG. 1.

The bumper beam 10 1s formed of two superimposed steel
plates 13, 14, and comprises a rectilinear central part 16, and
rectilinear slanted parts 21, 22 integrally formed on the two

ends of the central part 16, respectively, via curved parts 17,
18.
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The slanted parts 21, 22 have external end parts that are set
back from the central part 16, and the respective end parts are
mounted on the front-side frames 11, 12.

The bumper beam 10 1s a member having a cross-sectional
U shape comprising a front wall 26, an upper wall 27, and a
lower wall 28. A plurality of weak parts 31 that extend 1n a
vertical direction across the front end of the upper wall 27 and
the front end of the lower wall 28 are formed 1n the front wall
26 at a predetermined pitch P along the lengthwise direction
of the bumper beam 10, as shown 1n FIG. 2.

The front wall 26 comprises the respective front walls 134,
14a of the steel plates 13, 14.

The weak parts 31 comprise slits 135 formed 1n the front
wall 13a of the steel plate 13 and the front wall 144 of the steel
plate 14.

Therefore, the thickness of the bumper beam 10 at the
un-slitted parts 13¢ 1 which slits 135 are not formed 1n the
front wall 13a of the steel plate 13 (1in other words, the
thickness of the non-weak parts 32 1n which the weak parts 31
of the bumper beam 10 are not formed) 1s the thickness of the
steel plate 13 combined with the thickness of the steel plate
14, and the thickness of the bumper beam 10 1n the lengthwise
direction varies because the thickness of the weak parts 31 of
the bumper beam 10 1n which slits 136 are formed 1s the
thickness of the steel plate 14.

Next, a method of manufacturing the above-described
bumper beam 10 will be described with reference to FIG. 3.

Provided 1n FIG. 3 are a steel plate 13 1n which a plurality
of slits 135 orthogonal to the lengthwise direction of the
bumper beam 1s formed at a predetermined pitch P in the
lengthwise direction, and a steel plate 14 having substantially
the same outer shape as the steel plate 13.

The slits 135 comprise rectangular aperture parts 13e hav-
ing a long, thin rectangular shape, and triangular aperture
parts 13/, 13g having a triangular shape formed above and
below the rectangular aperture parts 13e.

Next, the steel plates 13, 14 are superimposed so that the
steel plate 13 1s the front side when mounted on a vehicle, and
the portions other than the slits 135 are spot-welded. The X
marks on the drawing are the spot welding locations.

The upper part and the lower part of the steel plates 13, 14
are bent rearward (in the direction of the rear side of the
drawing) so as to follow along the dashed-and-dotted lines 35,
36 extending along the lengthwise direction passing through
the upper and lower ends of the rectangular aperture parts 13e
of each slit 135. At this time, the slanted parts 21, 22 shown 1n
FIG. 1 are also formed and the bumper beam 10 (FIG. 1) 1s
completed.

FIGS. 4 (a), (b) show examples 1n which a vehicle having
a bumper beam of the prior art 1s engaged 1n a collision with
a side surface of another vehicle.

FIG. 4 (a) shows a state just prior to the subject vehicle 121
engaging 1n a side collision with another vehicle 120.

The other vehicle 120 1s provided with center pillars 122,
122 on the side parts of the vehicle body. The reference
numeral 123 1s an engine disposed 1n the forward part of the
counterpart vehicle 120; and 124 indicates wheels.

The subject vehicle 121 1s provided with a bumper beam
128 mounted on left and right front side frames 126, 127 on
the front part of the vehicle body. The bumper beam 128 has
a uniform rigidity 1n a lengthwise direction.

In FIG. 4(b), the subject vehicle 121 proceeds as shown by
arrow a, and engages 1n a side collision with the counterpart
vehicle 120. When the bumper beam 128 of the subject
vehicle 121 strikes the center pillar 122 of the counterpart
vehicle 120, the center pillar 122 deforms in the direction of
the passenger compartment, as shown by the arrow A,
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because the rigidity of the bumper beam 128 1s greater than
the that of the center pillar 122.

FIGS. 5 (a), (b) show examples 1n which a vehicle having,
the bumper beam of the present embodiment 1s engaged 1n a
collision with a side surface of a counterpart vehicle.

FIG. 5 (a) shows a state just prior to the subject vehicle 50
engaging in a side collision with another vehicle 120.

The subject vehicle 50 1s provided with a bumper beam 10
mounted on left and right front side frames 11, 12 on the front
part of the vehicle body. The reference numeral 51 1s an
engine disposed in the forward part of the subject vehicle 50;
and 52 indicates the wheels.

In FIG. 5 (b), the subject vehicle 50 proceeds as shown by
arrow b, and engages 1n a side collision with a counterpart
vehicle 120. When the bumper beam 10 of the subject vehicle
50 strikes the center pillar 122 of the counterpart vehicle 120,
the bumper beam 10 deforms, with the weak part 31 near the
collision location acting as the starting point because the
collision surface area between the bumper beam and the
center pillar 122 1s small, and the deformation amount
increases and the collision reaction force 1s reduced. As a
result, the deformation of the center pillar 122 1s reduced, and
substantially no deformation occurs 1n the direction of the
passenger compartment.

FIG. 6 shows a state 1n which the subject vehicle 50 1s
engaged 1n a collision offset from a head-on collision with a
counterpart vehicle 120.

At this time, the collision surface area increases when the
bumper beam 10 of the subject vehicle 50, specifically, a
plurality of non-weak parts 32 1n the slanted part 22 of the
bumper beam 10 (FIG. 1), strikes the bumper beam 128
provided to the counterpart vehicle 120. The collision load
can be received over a wide range of the bumper beam 10, the
collision reaction force can be increased, and considerable
collision energy can be absorbed because a distributed load 1s

applied as shown by the plurality of arrows B on the bumper
beam 10.

FIG. 7 shows a state 1n which the subject vehicle 50 1s
engaged 1 a head-on collision with, e.g., a wall 60 of a
building structure or the like.

At this time, the collision surface area increases 1n the same
way as 1n the oifset collision when the bumper beam 10 of the
subject vehicle 50, specifically, a plurality of non-weak parts
32 in the central part 16 of the bumper beam 10 (FIG. 1),
strikes the wall 60. The collision load can be received over a
wide range of the bumper beam 10, and considerable collision
energy can be absorbed because a distributed load 1s applied
as shown by the plurality of arrows C on the bumper beam 10.

FIG. 8A shows the state of a bumper beam 10 having
collided with, e.g., a small collision object 71, and FIG. 8B
shows a graph that shows the relationship between the dis-
placement of the bumper beam 10 and the load generated in
the bumper beam 10 1n the collision shown in FIG. 8A.

In FIG. 8A, when the bumper beam 10 collides with the
object 71 having a small collision surface area, the bumper
beam 10 1s deformed so that a weak part 31A (the same as a
weak part 31, but designated differently to be distinguishable
from other weak parts 31) near the collision location acts as a
starting point because a concentrated load CL from the object
71 1s applied to the bumper beam 10.

When the bumper beam 10 collides with the object 71 and
the bumper beam 10 begins to be displaced, the load rapidly
increases and the entire bumper beam 10 deforms, and when
the displacement reaches d1 and the load reaches 11, the weak
part 31A begins to deform and the load stops increasing even
when the displacement increases, as shown 1 FIG. 8B. In
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other words, the collision reaction force 1s suppressed. Thus,
deformation of the object 71 can be suppressed in the absence
of a load increase.

FIG. 9A shows the state of a bumper beam 10 having
collided with, e.g., a large collision object 72, and FIG. 9B
shows a graph that shows the relationship between the dis-
placement of the bumper beam 10 and the load generated in
the bumper beam 10 1n the collision shown i FIG. 9A.

In FIG. 9A, when the bumper beam 10 collides with the
object 72 having a large collision surface area, the bumper
beam 10 deforms uniformly overall because a distributed load
DL from the object 72 1s applied to the bumper beam 10.

When the bumper beam 10 collides with the object 72, the
bumper beam 10 begins to be displaced, the load rapidly
increases, and the bumper beam 10 deforms overall, as shown
in FIG. 9B. When the displacement exceeds d2 and the load
exceeds 12, the load increase 1s reduced 1n relation to the
displacement, but overall deformation of the bumper beam 10
continues, and a load increase continues until a considerable
displacement 1s reached. Therefore, the amount of collision
energy that1s absorbed 1s increased, and the impact at the time
of collision can be effectively absorbed.

FIG. 10 shows a change in the load on the bumper beam
when the plate thickness of the weak parts 31 and the non-
weak parts 32 has been modified.

When the bumper beam 10 has collided with the object 72
having a large surface area, a distributed load DL1 from the
object 72 1s applied to the non-weak parts 32 of bumper beam
10, and the bumper beam 10 deforms uniformly overall
because the distributed load DIL1 1s also applied to the steel
plate 14 of the weak parts 31 via the non-weak parts 32, as
seen 1n FIG. 10.

The load (the collision reaction force) can be controlled by
moditying the difference in the plate thickness of the non-
weak parts 32 and the weak parts 31.

FIG. 11 shows another embodiment of the bumper beam
according to the present invention.

The bumper beam 80 of another embodiment shown 1n
FIG. 11 comprises a single steel plate 13. A plurality of slits
135 1s provided at a predetermined pitch P (see FIG. 2) along,
the lengthwise direction of the bumper beam 80. The slits 135
are the weak parts, and the un-slitted parts 13¢ are the non-
weak parts.

When the bumper beam 80 has collided with an object 72,
a distributed load DL2 from the object 72 1s applied to the
un-slitted parts 13¢, which are the non-weak parts of bumper
beam 80, and since the load 1s not transmitted to the slits 135,
which are the weak parts, the bumper beam 10 deforms
evenly overall, but the load 1s reduced to less than that of the
case of the bumper beam 10 shown 1n FIG. 10.

The load (the collision reaction force) can be controlled by
moditying the thickness of the steel plate 13 1n the bumper
beam 30.

The present mvention 1s configured so that a plurality of
weak parts 31 extending in the vertical direction on a front
surface 26 of the bumper beam 10 1s formed at a predeter-
mined pitch P along the lengthwise direction of a bumper
beam 10 having a cross-sectional U shape or rectangular
shape 1in the manner shown in FIGS. 2, and 5 through 7.
Therefore, a difference in rigidity 1s generated by the plurality
of weak parts 31, and the collision reaction force generated 1n
accordance with the surface area of the contact with the
collision object can be made to be different.

For example, 1n a side collision, the collision reaction force
1s suppressed when the bumper beam 10 of the subject vehicle
50 deforms about a weak part 31 as a starting point when a
collision occurs with the center pillar 122 having a small
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surface and belonging to a counterpart vehicle 120, deforma-
tion of the center pillar 122 1s suppressed, and the counterpart
vehicle 120 can be protected.

Considerable collision reaction force 1s generated in an
offset collision (or a head-on collision), considerable colli-
s1on energy 1s absorbed, and the subject vehicle 50 can be
protected by accommodating a collision load over a wide
surface area of the bumper beam 10 of the subject vehicle 50
in a collision with a large surface area, e.g., the bumper beam
128 (or a wall surface) of a counterpart vehicle 120 (or a wall
60).

In the present invention, two or more steel plates 13, 14 are
superimposed, and slits 135 are formed 1n at least one of the
steel plates 13 to obtain weak parts 31. Therefore, a difference
in plate thickness 1s formed between a portion in which two or
more steel plates 13, 14 are superimposed and a portion 1n
which slits 136 are formed. A load generated by the collision
surface area with a collision object can thereby be made to be
different. Moreover, the slits 135 can readily be formed by
press molding.

In the present embodiment, the bumper beam 10 1s config-
ured to have a U-shaped open cross section, as shown 1n FIG.
2, but no limitation 1s imposed thereby, and the bumper beam
may have a rectangular cross section.

The weak parts 31 were configured as slits extending ver-
tically, as shown m FIG. 2, but no limitation 1s imposed
thereby, and 1t 1s possible to adopt an aperture having a cir-
cular shape, an elliptical shape, an oval shape, a rectangular
shape, or a shape similar to these shapes.
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Obviously, various minor changes and modifications of the
present invention are possible 1n light of the above teaching.
It 1s therefore to be understood that within the scope of the
appended claims the invention may be practiced otherwise
than as specifically described.

What 1s claimed 1s:

1. A bumper beam structure for a vehicle, comprising:

a bumper beam having one of a U shape and a rectangular
shape 1n cross section and extending transversely of the
vehicle; and

a plurality of weak parts provided on a front surface of the
bumper beam such that the weak parts extend vertically,

wherein each of the plurality of weak parts are provided at
a predetermined pitch along a length of the bumper
beam,

wherein the bumper beam 1s configured by superimposing
at least two plates and the plurality of weak parts 1s
configured by forming a plurality of slits 1n at least one
of the plates, and

wherein each of the plurality of slits comprises a long, thin
rectangular aperture and a triangular aperture formed on
upper and lower ends of the rectangular apertures.

2. The bumper beam structure of claim 1, wherein the at

least two plates each have a different plate thickness.

3. The bumper beam structure of claim 1, wherein an area
between weak parts 1n the plurality of weak parts provided at
a predetermined pitch comprises a non-weak part.
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